INTRODUCTION {#sec1-1}
============

There are various cervical disorders caused by rheumatoid arthritis (RA). Clinical as well as radiological signs of rheumatoid changes of the cervical spine are present in up to 86% of all RA patients. The cervical spine is the second most frequently affected anatomic region in RA.\[[@ref1]\] The most common type of anatomical cervical spine deformity is anterior atlanto-axial subluxation (AAS), followed by ubaxial and vertical subluxation.\[[@ref2][@ref3]\] These conditions may cause myelopathy, severe pain, or both; any of which may impair the quality of life of RA patients.\[[@ref4]\] Innovative methods such as C1/2 transarticular and cervical pedicle screw techniques provide greater biomechanical stability compared to conventional posterior fusion techniques.\[[@ref5][@ref6]\] A number of internal fixation procedures have been used for instability of the cervical spine. Lateral mass screws have been used for a long time whereas pedicle screws have started to be used more recently. There is superior biomechanical stability with cervical transpedicular fixation (CPF) compared to the use of lateral mass screws, and wiring techniques.\[[@ref7][@ref8]\] Jones, Kast and Nolte *et al*.\[[@ref9][@ref10][@ref11]\] reported that cervical pedicle screws have a significantly higher resistance to pull-out forces than lateral mass screws. The purpose of this study is to evaluate the feasibility of fusion and accuracy of fluoroscopy in CPF in a standardized clinical protocol for RA patients.

MATERIALS AND METHODS {#sec1-2}
=====================

Between January 2000 and May 2010, a total of 15 patients (9 male, 6 females) with cervical disorders due to RA were surgically treated using intraoperative fluoroscopy. Ranawat\'s criteriae were used to assess the patients.\[[@ref4]\] The presence of AAS and/or subaxial subluxation (SAS) as well as vertical migration of the odontoid was recorded and quantified. In addition, the anterior atlantodental interval was assessed both pre- and post-operatively. All radiologic measurements performed by a radiologist (Y. S). We established a surgical plan a day before surgery and confirmed the insertion point of screws, applicability of screws, pedicle investigation, and screw position in relation to vertebral artery (VA).

The patients were evaluated for both Magerl\'s technique and CPF technique. Coronal three-dimensional computed tomography (CT) was performed for every patient for the evaluation the surgical plan in the pre-operative period. Then, the entrance holes, direction, diameter, and depth of the screws were depicted with a cursor on the pedicle anatomy, and the surgery was initiated. In the prone position, after exposure of the posterior bony elements of the spine, the screws were inserted under fluoroscopy guidance using the free-hand technique. Kast\'s criteria were used to assess the positions of the pedicle screws.

Ranawat\'s classification is defined as follows:

Class 1: No neural deficit;

Class 2: Subjective weakness with hyper-reflexia and dysesthesia;

Class 3A: Objective findings of paresis and long-tract signs, but ambulation possible;

Class 3B: Quadriparesis with resultant inability to walk or to feed oneself. Occipital or cervical pain was classified into four grades according to Ranawat\'s criteria:\[[@ref4]\]

Grade 0: None;

Grade 1: Mild, intermittent, requiring only aspirin analgesia;

Grade 2: Moderate, cervical collar required;

Grade 3: Severe, pain not relieved by either aspirin or collar.

Grading of the pedicle screw position (Kast\'s criteriae) {#sec2-1}
---------------------------------------------------------

Grade I: Screw centered in the pedicle causing only minor plastic deformation of the pedicle cortex at most.

Grade IIA: Screw threads or less than one-fourth of the screw cross section penetrating the cortex; no contact of the screw with the spinal cord, nerve root or VA.

Grade IIB: More than one-fourth of the screw cross section penetrating the cortex but no contact with neurovascular structures.

Grade III: Screw position according to grade II, however, in contact with neurovascular structures.

In all patients, autogenous iliac bone grafts were used. Patients were permitted to stand and walk from the day after the operation without a collar, since CPF provided enough stability to ambulate without it. Radiological assessment of screw placement was performed. All patients underwent reconstructed CT scans along with plain AP, lateral, and oblique X-ray films of instrumented levels after surgery. Clinical results were based on evaluations of the patients' follow-up data. The surgeon performed the follow-up investigation and radiographic assessment.

RESULTS {#sec1-3}
=======

The mean age at the time of surgery was 57.4 years (range 44-72 years). 2 (1.3%) of the 15 patients had AAS, 5 (33.3%) had AAS and vertical subluxation (VS) of the cervical spine, 8 (53.3%) had SAS. According to Ranawat\'s classification,\[[@ref12]\] the neurological deficit was class 3 in six cases (class 3A in three, class 3B in three). C1/2 transarticular screw fixation was performed in 7 (46.6%) patients, only mid and lower cervical fusion was performed using transpedicular screws in 8 (53.3%) patients, combined fusion (C1-2 + subaxial) procedure in five patients (33.3.%). Pre-operative pain assessments were grade 1 in one case, grade 2 in six cases and grade 3 in eight cases. In 10 of the 15 cases (66.6%), occipital or neck pain as classified by Ranawat\'s criteria for pain had improved post-operatively \[[Table 1](#T1){ref-type="table"}\]. A total of 96 screws, including 14 C1/2 transarticular screws and 82 transpedicular screws were inserted using fluoroscopy. Based on Kast\'s criteria, 14 transarticular screws and 79 transpedicular screws were correctly placed. No neurovascular compression of the C2 level was present. Screws were either completely within cortical walls of the pedicle or with a maximal cortical perforation of 1 mm as seen on CT. This group comprised 84 (87.5%) of the implanted screws, including both transarticular and transpedicular screws.

###### 

Epidemiological data of enrolled patients (*n*=15), according to pre-operative Ranawat score and malposition grading

![](JCVJS-3-42-g001)

Lateral or ventral perforation of the vertebral body occurred in two screws (C4, C6), slight impact to the lateral recess without dural contact occurred in three screws (C3, C4, C5) and narrowing of the vertebral canal less than 25% of its diameter was observed in two screws (grade IIA and less; C3, C4). In summary, seven screws (7.25% of all screws) showed minor breach (grade 1 and II) radiologically.

Average operative time was 122 min (range 95-205 min) and the average intraoperative blood loss was 280 ml (range 50-330 ml).

According to Ranawat\'s classification, 7 of 15 patients remained the same (46.6%) and eight patients showed improvement \[[Table 1](#T1){ref-type="table"}\]. In 10 of the 15 cases (66.6%), occipital or neck pain as classified by Ranawat\'s criteria for pain had improved.

No instrumentation failure, loss of reduction or nonunion is observed at the final follow-up period (average 49.5 months; range 24-60 months). One characteristic case is presented in [Figure 1](#F1){ref-type="fig"}. Furthermore, instability was checked by dynamic X-rays in the follow-up period. Bony fusion was defined as an absence of segmental motion in functional lateral X-rays with the presence of solid bony union observed in reconstruction CT.

![This is a 56-year-old patient with rheumatoid arthritis who presented with subaxial pain and myelopathy. Computed tomography sagittal reconstructions show (a) atlanto-axial dislocation (b) decompression of the craniovertebral junction in the midline and instrumentation and fusion from the occiput the midcervical spine. No any instability was demonstrated by dynamic flexion (1c) and extention X-rays (1d) after the postoperatuar period (15 mo). Fusion was demonstrated by CT \[[Figure 1e](#F1){ref-type="fig"}\]](JCVJS-3-42-g002){#F1}

DISCUSSION {#sec1-4}
==========

In patients suffering from RA, involvement of all cervical spine is a common entity that necessitates the concern of both the rheumatologist and the spine surgeon for a proper therapeutic regimen. RA can result in serious damage to the cevical spine and the neuraxis, ranging from mild instability to myelopathy and death.\[[@ref12]\] The ideal surgical approach should allow easy access to multiple levels and provide various osseous points of fixation. When surgical intervention is anticipated, it should be performed before the development of severe myelopathy. Patients who progress to a Ranawat III-B status have a much higher morbidity and mortality rate associated with surgical intervention than patients who are ambulatory.\[[@ref13][@ref14]\] In contrast, the current study shows the potential importance of surgery for class 3 patients, which provided excellent clinical results. CPF and C1/2 transarticular screw fixation are biomechanically superior to other conventional procedures using wiring or clamping.\[[@ref5][@ref6][@ref7][@ref15]\] Furthermore, CPF is a useful technique because laminectomy or laminoplasty can be performed simultaneously.

Conventional screw insertion techniques for both C1/2 screw and pedicle screw placement in the subaxial cervical spine rely on anatomical landmarks and intraoperative fluoroscopy. However, in RA patients, several specific illness-related problems of the cervical spine make surgical treatment extremely difficult. The use of corticosteroid medication for several years and immobilization of the spine caused by multiple musculoskeletal deformities, and dysfunctions lead to considerable osteoporosis. Occipital bone is nearly in nuchal region and provides excellent fixation. Thus, especially in RA patients, fixations are performed at the occipitocervical region using iliac crest autografts. Occipitocervical construction must be strengthened in the osteoporotic cercival spine by transpedicular screw fixation.\[[@ref16]\]

Especially, when the VA runs an abnormal course, screw placement has a potential risk of neurovascular injury, and VA injury on the dominant side can cause cerebellar infarction and possibly fatal sequelae.\[[@ref8][@ref17][@ref18]\] Moreover, due to severe spinal deformity and small anatomical size of the vertebrae (the lateral mass and pedicle) in the most RA cervical lesions, screw placement procedures are highly technically demanding and pose the potential risk of neurovascular injury even when intraoperative fluoroscopy is used. Pre-operative VA evaluation by CT angiography revealed unilateral stenosis or occlusion in 20% of patients (3 patients), all of whom weren't complicated with VS.\[[@ref19]\] Abnormality of VA is highly likely in RA patients because of the cervical deformity. Tumialan *et al*.\[[@ref19]\] reported cerebral and cerebellar infarction in rheumatoid cervical spine patients caused by VA injury, observed during anterior corpectomy. Taking that report in consideration, when pedicle diameter was narrow, non-dominant side was approached first to avoid VA occlusion or stenosis and concurrent stroke.

The current study clearly shows with the clinical results that free-hand screw insertion in the rheumatoid cervical spine enables a significant reduction in the screw malplacement rates (3/96; 2.1%). Börm *et al*.\[[@ref20]\] reported transarticular C1--C2 screw fixation performed in 14 cases using computer navigation (STN 4.0; Zeiss Company, Oberkochen Germany). In this study, there was one medial perforation of a C2 pedicle wall and one malposition of the screw in C2 without reaching the lateral mass of C1 (2/28; 7.1%). In contrast, there were no malpositions of the transarticular screws among our cases.

Due to the fragile bone quality of the RA cervical spine, care must be taken during rod or plate application procedures and reduction maneuvers which may cause cut-out and displacement of the screw from its original position. To prevent these injuries, preoperative evaluation of the vertebral artery and planning of screw insertion are indispensable. In general, insertion of screws into the pedicle of less than 3.5 mm in diameter should be avoided even with navigation assistance\[[@ref21][@ref22]\] This study showed that 3.5 and 4 mm pedicle screws might be suitable for transpedicular screw placement in the Turkish population.

In our opinion, conventional methods of inserting pedicle screws are still important for a safe and current procedure, despite the use of a computer navigation system. In addition, some other authors have also reported techniques of pedicle screw placement.\[[@ref21][@ref22]\] However, currently, the authors think that only surgeons experienced in transpedicular screw fixation and surgery of the cervical spine should perform this method of instrumentation.

Takahashi *et al*. reported a total of 21 patients with cervical disorders due to RA were surgically treated using the image-guidance system. Post-operative CT and plane X-ray was used to determine the accuracy of the screw placement. Neural and vascular complications associated with screw insertion and post-operative neural recoveries were evaluated. Post-operative radiological evaluations revealed that only 1 (2.1%; C4) of 48 screws inserted into the cervical pedicle had perforated the VA canal more than 25% (critical breach). However, no neurovascular complications were observed. According to Ranawat\'s classification, nine patients remained the same, and 12 patients showed improvement. Instrumentation failure, loss of reduction or nonunion was not observed at the final follow-up. In their study, the authors demonstrated that image-guidance systems could be applied safely to the cervical lesions caused by RA. Image-guidance systems are useful tools in pre-operative planning and in transarticular or transpedicular screw placement in the cervical spine of RA patients.\[[@ref23]\]

Goel *et al*. had described a technique of interarticular plate and screw method of atlantoaxial fixation in the year 1988 and had recently discussed distraction and realignment of the atlantoaxial joint for basilar invagination and fixed atlantoaxial dislocation for cases with congenital malformations of the region and for RA.\[[@ref24][@ref25][@ref26][@ref27][@ref28]\] They observed that the distraction and impaction of the titanium spacer within the joint cavity increased the height of the lateral masses, reduced the basilar invagination and restored the craniovertebral alignments. As no wire, screws, plates, and rods were used for fixation as is conventionally the norm; the extent of stability provided by the implant will have to be assessed by a larger experience over a longer period of time. Following surgery both the patients showed symptomatic improvement and partial restoration of craniovertebral alignments.

Goel *et al*. reported one patient who had rheumathoid arthritis with pannus formation; the patient underwent lateral mass reconstruction with distraction of the facets and impaction of a spiked metal spacer and bone graft within the joint. Investigations done in the immediate postoperative phase showed complete disappearance of retroodontoid pannus in addition to reduction of basilar invagination and atlantoaxial dislocation.\[[@ref26]\] These techniques seems very effective procedures for the pannus formation, but these new techniques and we have not experience.

The accuracy of a free-hand technique for correct pedicle screw fixation of the cervical spine has been not confirmed by laboratory tests. Although the current study does not include a large number of patients, the results of surgery under the fluoroscopy system are encouraging. Use of this system in cervical instrumentation surgery for RA patients can aid in reducing the risk of screw misplacement.

CONCLUSION {#sec1-5}
==========

The authors want to emphasize that that free-hand technique could be applied safely to the cervical lesions caused by RA. However, the risk of screw related perforation does not vanish completely.
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